Introduction
Streptococcus pneumoniae is a major cause of respiratory and invasive disease (IPD) worldwide, particularly in children < 5 y of age and in the elderly. Nasopharyngeal colonization by Streptococcus pneumoniae is the key event leading to cross-transmission on one hand and infection and disease on the other. 1, 2 The addition of the 7-valent pneumococcal conjugate vaccine (Prevenar, Pfizer) to the routine childhood vaccination schedule in the United States, Canada and some European Countries, 3 has led to a a serial cross-sectional study of nasopharyngeal carriage among adults aged 60 y or over was conducted in winter-spring 2012 with the aim to describe circulating Streptococcus pneumoniae in an area, Liguria administrative Region, where the vaccine was implemented for a decade and coverage in pediatric age group reached a value close to 100% for more than 5 y, determining a picture of very high vaccine immunological pressure. The serotype-specific carriage picture in adults was compared with that observed in children by means of a cross-sectional study performed one year before using the same sampling and laboratory methods.
cluster sampling enrolled 283 adults, representative of the open population. Detection of multi-serotype carriage was performed using, real-time pcR and primer specific pcRs.
carriage prevalence of participants with at least one positive sample adjusted for age, i.e., period prevalence, was 18.7%, considering the Ligurian population as standard population, showing that the pneumococcal carriage in the elderly is not a rare event as emerged in other surveys. The long-term use of pcV7 has resulted in strong decrease of vaccine types carriage among adults and children. a multivariate analysis showed that age class and contact with children attending day care covariates were strongly associated with Streptococcus pneumoniae carriage. a strong link between the picture observed in < 5-y-old children and ≥ 60-y-old adults emerged: a strong correlation of specific-serotype prevalence between adults and children and risk factor analysis supported the role played by interage-group transmission.
Carriage of Streptoccoccus pneumoniae in healthy adults aged 60 y or over in a population with very high and long-lasting pneumococcal conjugate vaccine coverage in children
Rationale and perspectives for PCV13 implementation dramatic decline in vaccine serotype IPD in children, but also to an increase of non-vaccine serotype IPD incidence. [4] [5] [6] Higher valent vaccines, the 10-valent (Synflorix, GSK) and 13-valent pneumococcal (Prevenar 13, Pfizer) vaccines, were approved between 2008 and 2010 in several Countries. The decrease in rates of vaccine-serotype IPD among vaccinated children has been accompanied by a decrease in the rates of vaccine-serotype IPD among adults in some Countries, by reducing vaccine-serotype colonization in both age group. [7] [8] [9] March, April and May, respectively. Eighty-two per cent of carriers were colonized by more than one serotype.
The proportion of adults colonized by different serotypes, after adjustment for age, is illustrated in Figure 1 . The age-adjusted coverage offered by PCV7, PCV10, PCV13 and PPV23 was 2.7% (95% C.I. 0.4-5%), 7.4% (95% C.I. 3.7-11.2%), 9.1% (95% C.I. 5-13.2%) and 15% (95% C.I. 10-20%), respectively. Among PCV7 serotypes, serotype 4 was carried by 2.5% (age-weighted carriage prevalence, 95% C.I. 0.3-4.7%) of the population and accounted for 89% of all PCV7 isolates. Among serotypes included in recently available conjugate vaccines, serotypes 5, present in PCV10 and PCV13 vaccine composition, showed the highest prevalence, being carried by 4.2% (95% C.I. 1.3-7.1%) of the population, while among PPV23 serotypes, 10A (age-adjusted carriage prevalence 6.8%, 95% C.I. 3.2-10.4%) and 9N/9L (2.6%, 95% C.I. 0.3-4.9%) were the most prevalent ( Fig. 1) . Among serotypes not included in vaccine composition, serotypes 10F (age-adjusted carriage prevalence 9.1%, 95% C.I. 5-13.2%) and 18F/18A/18B (5.3%, 95% C.I. 2.1-8.5%) showed the highest prevalence. Serotype10F primers also detected the rare serotypes 10C and 33C.
In Figure 2 is shown the bivariate fit of prevalence of different serotypes observed in adults aged 60 y or over by that observed in children younger than 5 y emerged in previous study performed in the 2010 autumn in the same area and the same sampling and laboratory methods. In the Figure are reported data regarding 15 serotypes showing prevalence in adults ≥ 1.2%. Strong monotonic correlation exists between the two variables (Spearman's rho = 0.66, p-value = 0.008) and a very strong linear dependence between two variables was shown by Pearson's product-moment coefficient (r = 0.912, p-value < 0.001).
A univariate analysis showed that the proportion of adults with at least one positive sample for S. pneumoniae was significantly higher in individuals who had contacts with children (p-value = 0.003) or who had contact with children attending day care (p-value = 0.01) ( Table 1) . Carriage rate was also significantly different in the 3 age groups (p-value = 0.042): in particular, adults aged 70-79 y showed significantly higher period prevalence respect with older individuals (≥ 80 y) (p-value = 0.012). No other variables were significant in univariate analysis ( Table 1) .
The percentage of adults who had contact with children attending day care was stable in the 3 age-groups ranging between 19.7 and 25.6%; carriage rate was similar in individuals with and without contact with children attending day care in 60-69 y agegroup, but it was the double in the "contacts" aged 70-79 (42.2% vs 19.8%) and ≥ 80 y (20% vs 8.2%).
A multivariate analysis showed that age class and contact with children attending day care covariates were strongly associated with S. pneumoniae carriage and were included in the final model. In particular, contact with children attending day care doubled the carriage prevalence (prevalence ratio 2.16, 95% C.I. 1.23-3.63, p-value = 0.008), and belong to 70-79 y age group increased the carriage prevalence by 2.5 fold (prevalence ratio 2.5, 95% C.I. 1.17-5.85, p-value = 0.017) respect with ≥ 80 y subjects. On contrary, prevalence ratio between 60-69 y and ≥ 80 (reference) years age group was very close to 1 (prevalence ratio 1.11, 95% C.I. 0.33-3.08, p-value = 0.849).
Pneumococcal carriage has proven to be a useful tool for monitoring how vaccination affects circulating pneumococcal serotypes in pediatric age group, but the epidemiological picture of serotypes carried in adults has been poorly investigated.
The growing immunological pressure due to the increasing and more-and-more lasting vaccine coverage in children and its effects in adults, the recent approval of 13-valent conjugate vaccine for prevention of IPD in adults aged 50 y or over, the availability of 23-valent polysaccharide vaccine make the definition of pneumococcal carriage in adults of great interest to anticipate and evaluate the effect of preventive strategies.
A serial cross-sectional study of nasopharyngeal carriage among adults aged 60 y or over was conducted in winter-spring 2012 with the aim to describe circulating Streptococcus pneumoniae in an area, Liguria Administrative Region, where the vaccine was implemented for a decade and coverage in pediatric age group reached a value close to 100% for more than 5 y, determining a picture of very high vaccine immunological pressure. 10 In a previous study, a representative sample of pre-school children showed that, 97.8% of the children were compliant with the schedule and almost all (98.6%) received at least 2 doses pneumococcal vaccine since the 12th month of life. 11 The cross-sectional study was specifically addressed (1) to better characterize the indirect effect of very high pediatric pneumococcal vaccine coverage on the rate of carriage and the prevalence of serotypes carried in the naso-pharynx of adults and (2) to evaluate demographic, behavioral and risk factors for carriage in this specific population in the post-vaccination era. The serotype-specific carriage picture in adults was compared with that observed in children by means a cross-sectional study performed one year before using the same sampling and laboratory methods. 11
Results
During the period of recruitment between February 16 th and March 1 st , 2012, a total of 283 adults aged 60 y or over were enrolled. One participant in excess with respect to the protocol was recruited by 3 GPs and the 3 adults were included in the study population. Two hundred 48 (87.6%), 238 (84.1%) and 221 (78.1%) participants returned on March, April and May, respectively. Two, 3 and 4 samples were collected from 22 (7.8%), 47 (16.6%) and 197 (69.6%) individuals, respectively. Seventeen (6%) adults did not return after the first visit. The median of interval between visits was 29 d (interquartile range 28-36 d). The demographic and behavioral characteristics and risk factors of participants were reported in Table 1 .
Carriage prevalence of participants with at least one positive sample adjusted for age, i.e., period prevalence, was 18.7% (95% C.I. 13.2-24.4%), considering the Ligurian population as standard population. It was significantly higher in 70-79 y age-group showing a proportion of positive individuals more than twice than that observed in older adults ( Table 1) .
The point prevalence of carriage adjusted for age was stable between the first and the fourth time point: it was 9.5% (95% C.I. 5.3-13.7%), 10.7% (95% C.I. 6-15.4%), 7.6% (95% C.I. 3.5-11.7%) and 10.9% (95% C.I. 5.9-15.9%), in February, children and before PCV7 implementation. Carriage prevalence in adults widely ranged in the different surveys, according several factors such as age distribution, behavioral issues, composition of household, contact with children, antibiotic use and vaccine coverage in the first years of life. Before PCV7 introduction, the proportion of study adult participants colonized by S. pneumoniae
Discussion
Although the picture of pneumococcal carriage in adults has been less studied than that in children, some surveys estimated the prevalence of carriage in adults both in epidemiological picture characterized by high compliance for conjugate vaccine in 20 and in 35-44 and ≥ 45 y adults in the Netherland and Alaska, 2 respectively, after PCV7 vaccination had been conducted for 3 y. After more a decade of pneumococcal conjugate vaccine implementation, it ranged between 8.9 and 13.8% in native American adults aged 17-39, 40-64 and ≥ 65 y. 21 The majority of the above mentioned surveys were not specifically addressed to evaluate carriage in the elderly, the age class presenting the highest morbidity and mortality for streptococcus diseases, and data were usually aggregated not allowing to evaluate carriage in the different elderly age groups. Their adult study population often included parents of new born, infants and young children introducing relevant bias in terms of age distribution and exposition to pediatric reservoir. Furthermore, the study population aged > 60 or > 65 y was very limited with exception of a couple of ad hoc studies, 12, 18 reducing the power of estimates in the elderly. In this study we characterized the carriage picture in individuals aged 60 y or over in an Italian Administrative Region where vaccine was introduced in the pediatric immunization program and reached very high vaccine coverage for 10 and 5 y, respectively. The study was designed to have population as representative as possible of the elderly population in our area and no potential bias was knowingly introduced. Furthermore, the use of improved and more sensitive techniques for detection of multiserotype carriage, i.e., broth enrichment and real-time PCR and sequential PCRs for detection and typing, respectively, as recently introduced by CDC, allows to better understand the replacement phenomena compared with the single-colony methods routinely applied also in recent surveys.
Period prevalence we estimated in > 60 y adults (18.7%) was higher respect with those observed in adults > 40 and > 65 y in the USA (9.6% and 13%, respectively), in condition of very high vaccine immunological pressure close to that experienced in Liguria, although the carriage in < 5 y children was slightly higher in American Community (55.4%) than in Liguria (50.1%) and all American adults lived with children. The prevalence was also higher to that registered in Australian and Finish elderly adults (< 1 and 1.5%, respectively) one year after and before PCV7 introduction. The higher prevalence we observe could be due to the study design, i.e., serial prevalence vs point prevalence, as well as the high sensitivity of pneumococcus detection methods used. Lack of data on picture before PCV7 implementation do not allow to bring to light changes in prevalence in Ligurian children and adults, but only to photograph the prevalence after PCV7 implementation.
The risk factor analysis supports the assumption that the exposure to colonized children are associated with an increasing risk of carriage in adults. In particular, multivariate analysis pneumococcal carriage in the elderly is not a rare event as emerged in other surveys, as about one fifth of adults carried Streptococcus pneumoniae during winter or spring. A cross-sectional study performed one year before using the same sampling and laboratory methods in pediatric age group allowed to highlight a strong link between the picture observed in < 5-y-old children and ≥ 60-yold adults: a strong correlation of specific-serotype prevalence between adults and children and risk factor analysis supported the role played by inter-age-group transmission. The long-term use of PCV7 has resulted in strong decrease of vaccine types carriage among adults and children and as PCV13 was introduced in routine childhood vaccination schedule and proposed for > 50 y adults, we expect to observe a continued decrease in carriage of 1, 3, 5, 19A serotypes characterized by high invasive potential. Serotypes not included in PCV13 composition and circulating both in children and adults, i.e., 10A, 10F, 18F, 9L/9N, presenting a low or intermediate invasive ability, will be of ongoing importance in Liguria population. These results highlight the need for continued intensive surveillance of carried Streptococcus pneumoniae as well as strains causing invasive and non-invasive disease in all age groups.
Materials and Methods

Study design, data source and variables.
The study is population-based serial cross-sectional analysis of nasopharyngeal pneumococcal carriage among adults aged 60 y or over.
Surveillance sampling was performed in clusters: each cluster was made up of subjects monitored by a General Practitioner (GP). Fourteen GPs in the Genoa metropolitan area were randomly selected, each of which sampled 20 adults. Adults were consecutively sampled by GPs during routine visit examinations due to signs and symptoms not potentially related to S. pneumoniae disease on February 2012. Participants were invited to return at 1-mo interval on March, April and May 2012.
Exclusion criteria included participation in clinical trials or other epidemiological studies and the unwillingness to present themselves for examination every month. At the enrolment visit, physician (1) checked the inclusion and exclusion criteria;
(2) administered a standardized questionnaire to collect demographic data, contact with < 5 y children and with children attending day care, co-morbidities, respiratory tract infections in the last month, antimicrobial and steroid use in the previous 3 mo, admission to hospital in the last year and data on possible behavior risk factors for colonization with Streptococcus pneumoniae and vaccination history; and (3) collected the biological specimen for detection and typing of Streptococcus pneumoniae. At the following visits, the inclusion and exclusion criteria, the demographic and risk factors data were re-checked and the nasopharyngeal swabs collected. Questionnaires were signed by the participants and were anonymous but labeled to match the respective samples per adults. The research protocol was approved by the Ethics Committee of I.R.C.C.S. "San Martino-IST," Genoa.
Participants and study size. The study protocol was expected to enroll 280 adults ≥ 60 y of age. The period of recruitment was limited to between February 16 th and March 1 st , 2012 and showed that contact with children attending day care doubled the carriage prevalence in adults and day care attendance was shown in a previous study to increase the carriage prevalence by 51% in Ligurian children. 22 The role played by pediatric reservoir and the possible exchange between grandparents and grandchildren emerged by relationship between prevalence of different serotypes in adults aged 60 y or over and that observed in children younger than 5 y. Strong correlation exists between the serotypespecific prevalence in the two age groups (Fig. 2) .
The long-term use of PCV7 has resulted in strong decrease near elimination of vaccine types carriage among adults: carriage prevalence of adults colonized by at least one serotypes covered by PCV7 was less than 3% and almost due to serotype 4. The almost complete replacement and the relevant circulation of serotype 4 that was carried by 8.2% of children was highlighted in the pediatric carriage study. 11 But the relevant circulation of serotype 4 results in different effects in children and adults: data from IPD and non-IPD surveillance following PCV7 introduction showed that in adults, 12.1% and 18.2% out of IPD and non-IPD were due to serotype 4. No cases of serotype 4 IPD and non-IPD were detected by surveillance system among children highlighting the different pattern in children and adults and high vaccine effectiveness in preventing both IPD and non-IPD due to this PCV7 serotype.
The proportions of adults carriers of any PCV7, PCV10 and PCV13 serotypes reflects the vaccine serotype prevalence observed among children: the total and vaccine-serotype carriage prevalence were about one third of that registered in pediatric age group.
The serotypes picture among Ligurian adults was different than that observed in other Countries after PCV7 implementation: the most prevalent serotypes, i.e., 10F, 10A, 5, 18A/18F/18C and 4, were poorly represented among serotypes carried among adults in the USA, Netherland and in an Australian Aboriginal population. 2, 20, 21 These differences are probably attributable to the demographic, social and behavioral differences and different selective pressure induced by antibiotics and vaccines.
There are several limitation of this study. Risk factor data could be subject to reporting or memory bias, particularly for smoking or antibiotics use. A total of 990 nasopharyngeal swabs were collected, representing 88% of all samples foreseen by the protocol, considering 100% compliance.
Regarding the comparison between the serotype picture in the two age groups, samples from children and ≥ 60 y adults were collected at a distance of one year, but previous studies showed that carriage changes are usually progressive and slow.
Moreover, in the light of recent evidences about the possible presence of non-pneumococcal homologs as confounding of PCR based determination of pneumococcal serotype from NP specimens, serotyping results should be carefully evaluated. Further insight that goes beyond the scope of this study will be necessary. 23 In conclusion, the present population-based serial crosssectional study showed that, in a Western Country with very high vaccine immunological pressure in pediatric age group, the Statistical analysis. Adjustmentments for age was used to estimate prevalence rates and was calculated with the Ligurian model population of 2009. Confidence intervals for prevalence rates were calculated considering the design of the study, assuming a design effect for confidence interval calculation of 1.5 for cluster sampling. Design effect for sampling was calculated assuming the interclass correlation equal to 0.025 and the number of elements in the cluster equal to 20. Differences in observed prevalence rates were statistically tested by using a 2-sided χ 2 test. Binary regression model was used to calculate prevalence ratios and their corresponding 95% confidence intervals by using generalized linear model with log link. JMP software was used for the analysis.
Relationship between period prevalence of different serotypes observed in adults aged 60 y or over and that observed in children younger than 5 y emerged in the present and in a previous study performed in the 2010 autumn in the same area and using the same sampling and laboratory methods, respectively, was explored. 11 For the correlation analysis were considered only serotypes showing prevalence in adults ≥ 1.2%. The non-parametric measure of dependence between the two variables was expressed as Spearman's rank correlation coefficient or Spearman's rho. The linear dependence between period prevalence of different serotypes in the two age-groups was assessed by Pearson's product-moment coefficient. R and Rho values ranging between 0.8 and 1 and 0.6 to 0.8 were considered to define a very strong and strong correlation between variables, respectively. the expected interval between visits ranged between 15 and 45 d. Survey sample size was estimated based on the results for expected carriage rate of 1%, considering the design effect of the study due to cluster sampling. 12, 18 The estimates of design effect for sample size calculation were 1.5 for cluster sampling. Overall sample size necessary to achieve a precision for carriage prevalence, the main outcome measure of the study, of ± 1.5% for the 95% confidence interval were calculated as 254 adults; the final sample size chosen was 280 participants. The software used for sample size calculation was Open Epi, Version 2.0, freely available on http://www.openepi.com/OE2.3/Menu/OpenEpiMenu. htm.
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Nasopharyngeal swabs and laboratory assays. Carriage samples were collected by trained physicians by using calcium alginate swab specimens (Fisherbrand, catalog number 14-959-78; Fisher Scientific, Pittsburg, PA) and transported in 1.0 ml skim milk-tryptone-glucose-glycerol (STGG) medium. These nasopharyngeal swabs in STGG medium were preserved on wet ice and frozen at -70°C within 4 h. Before freezing them at -70°C, the NP-STGG specimens were vortexed for 10 to 20 sec to disperse the organisms from the swab. The detection of specific sequences of S. pneumoniae in biological specimens was performed using Real Time PCR preceded by broth enrichment for enhanced pneumococcal growth, as recommended by CDC. 13, 14 DNA was extracted from Supplemented Todd-Hewitt Broth (STHB) culture by QIAamp DNA Minikit, (Qiagen); the extracted genetic material was used in lytA gene-specific realtime PCR for S. pneumoniae detection and in sequential multiplex PCR assay for serotype deduction. 13 Positive samples were defined as those with cycle threshold (Ct) values lower than 30. A human gene sequence for β-globin was detected by the test as a positive extraction control.
Molecular typing was performed on lytA positive samples, using a sequential algorithm with 8 PCR multiplexes, each comprising an amplification reaction with 4 pairs of typespecific primers, modified for the detection and typing of the bacteria in the colonized subject. The algorithm enables 40 of the most common types to be identified. Another pair of primers specific for the CPS operon, a highly-conserved region in all pneumococcal types, could confirm the presence of specific sequences of S. pneumoniae. 13, 14 
